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Principle of Metastability Exchange

sjonannes GUTENBERG

Optical Pumping (MEOP) in 3He

F.D.Colegrove et al., Phys. Rev. 132 (1963) 2561
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Polarized 3He targets in medium energy
physics at MAMI

Electron scattering

J.Krimmer, M.Distler, W.Heil, —spin structure of °He:
S.Karpuk, D.Kiselev, Z.Salhi effective polarized neutron target

E.W.Otten “A highly polarized 3He neutron electric form factor Gen

target for the electron beam at —experimental access via double polarized
MAMI“. NIM A 611 (2009) 18-24 quasi elastic electron scattering

Photon beam -

.

J.Krimmer, P.Aguar Bartolomé, photon-spin  *He-spin
J.Ahrens, S.Altieri, H.J.Arends, :,1> +1/2
W.Heil, S.Karpuk, E.W.Otten,
P.Pedroni, Z.Salhi, A.Thomas “A
polarized 3He target for the photon
beam at MAMI*“. NIM A 648
(2011) 35-40
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W.Heil, K.H.Andersen, R.Cywinski, H.Humblot, C.Ritter, T.W.Roberts, JG|u
J.R.Stewart “Large solid-angle polarisation analysis at thermal neutron  ows GUTENBERG
wavelengths using a *He spin filter. NIM A 485 (2002) 551-570

. I |
e (Ap) T o(T)[barn]~ 6000 A[A] n B I L.
He(nn..)  o(T1)[barn] = 5

eSS
AR
R0 e
!] 11 t.',_;"
TEEET
Large solid angle | [ H e
detector Rl
B 15? ""qi':’ 3
ARG
e

NSF-technology in use
at ILL-Grenoble




JG|u

Clock based on nuclear spin -
precession: ,spin-clock”

« Atoms with nuclear spin | (e.g. 3He and ?°Xe: 1=1/2)

 Alignment of nuclear spins through optical pumping — magnetization M

» Flip — Precession of M in magnetic guiding field B,: | @, =2, = 7/‘ |§0‘
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magnetically
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C.Gemmel et. al.
“Ultra-sensitive
magnetometry based
on free precession of
nuclear spins®. The
European Physical
Journal D 57 (2010)
303-320

3He (4 mbar)

magnetic guiding field ~ 0.4 uT
(Helmholtz-coils)



SHe/12°Xe Clock-Comparison
Experiments

UNIVERSITAT MAINz
The detection of the free precession of co-located SHe/1°Xe
sample spins can be used as ultra-sensitive probe for
non-magnetic spin interactions

» Search for a Lorentz Invariance violating sidereal modulation
of the Larmor frequency:

Aw:V(r)/h:<5>é-&/h

» Search for spin-dependent short-range interactions:

Awo=V(r)lh=co-nlh

V(r)=;§£—{5>é-5+cﬁ-5J

Vv

Magnetic Non-magnetic
Interaction Interaction



SHe/!'°Xe Co-Magnetometer
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MRI using hyperpolarized ...
noble gases

M.S.Albert, G.D.Cates, B.Driehuys, W.Happer,
B.Saam, C.S.Springer Jr & A.Wishnia, Nature 370
(1994 ) 199-201

Magnetic resonance images of the excised lungs and heart of a
mouse using laser-polarized %°Xe



Medical applications of spin .. EIGV%
polarized 3He

® morphological MRT studies
(spin density imaging)

e dynamics of lung functioning

- diffusion weighted imaging

proton - MRI Helium - MRI

- 3He-MRI based

measur-emenfs Of The M.Ebert, T.GroBmann, W.Heil,

: E.W.Otten, R.Surkau, M.Leduc,
lm‘rqpulmonary oXygen P.Bachert, M.V.Knopp, L.R.Schad,
par’rlal pressure M.Thelen "Nuclear magnetic

resonance imaging with
: - hyperpolarised helium-3"
- ultra-fast imaging The Lancet 347 (1996) 1297-1299



Concept of central production of

The hyper'polarlized 3He UNIVERSITAT Manz
Polarization

13"" 2atio| 1




o o o Glu
SHe polarizer in Mainz I .. E&@%

SAES Getter

(' Reservoir

dichroic
/mirror $ w

—G
I Optical pumping cells (OPC) .
A

=
L]
[]
L]
Polarization . k“)
monitor Ii> Bo'ﬁeld o (LA
O \ANAANANAN
Rﬁ },{?;féifffffffffffffff:ﬁff ol E—_—
buffer-cell
h / ] —utter-el)
2O

Lo \.\.\.\.\.\.‘\.\.\.‘\.\.‘\.\.\\\.\'\\.‘\.\.\.‘\.\.\.‘\.\.‘\.\.\. %.
transportable
SHe-cell

T1. Getter

fibre-laser

m\\\
X

P

NN W ADODON

hydraulic- T
system TP 2 TP 1

compression volume



JGlu

SHe polar'lzer' in Mainz IT %
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Optical Pumping of 3He at
low pressure (<1 mbar)

Compression without
significant polarization
losses up to 5 bar



SHe polarizer in Mainz III
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Sealed-off optical pumping cell . B
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Central production: storage and
transport 1

* no surface-coating
* no time-consuming bake-out procedure
* high T,-reproducibility after re-use

/Paramagnetic relaxation of spin polarized 3He at bare glass \

surfaces

(Eur. Phys. J. D 38 (2006) 427)

walls

(Eur. Phys. J. D 38 (2006) 439)

Relaxation of spin polarized 3He by magnetized ferromagnetic

\CO“‘B“""‘F"“S (Eur. Phys. J. D 38 (2006) 445)

Paramagnetic relaxation of spin polarized *He at coated glass

J
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iron-free aluminosilicate-glass flasks
( GE-180 ) on special demand from
Schott Duran Group Mainz

Volume: V = 1,1 litre
Transport pressure: p = 2.7 bars

T,wall= 250 h
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Central production: storage and _ E§

transport II
1_1 1 1
T1 -I-lg rad -I-lwa I T1d d

1 G. D. Cates, S.R. Schaefer,
2

rad — D ‘Gr and W. Happer, Phys_ Rev.

T? A 37, 2877 (1988)

" 1 plbar] 1
T d hl~ grad
) 6900 GZ[cm™ Ty G2

G, =(VB,?+(VB,? /B Z11B

S.Hiebel, T.GroBmann, D.Kiselev, J.Schmiedeskamp, I\/Iag netlcal Iy Shlelded

Y.Gusev, W.Heil, S.Karpuk, J.Krimmer, E.W.Otten, transport box
Z.Salhi “Magnetized boxes for housing polarized
spins in homogeneous fields*. Journal of Magnetic |gradB/B| <10%/cm =

Resonance 204 (2010) 37-49 T,8%4 > 400 h (@2.7 bar)
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- volume-control:
AV/IV= 3%

- gas administration
at predefined times
during inspiration

- use of gas mixtures
(°*He, 19Xe)

- gas recovery !
(shortage of 3He )
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SHe recycling unit

UNIVERSITAT MAINZ

8 K
HZO N2 H2
O, Ne
Z.Salhi, T.GroBmann, M.Gueldner, W.Heil, Ar
S.Karpuk, E.W.Otten, D.Rudersdorf, co,
R.Surkau, U.Wolf , Recycling of 3He from
lung magnetic resonance imaging*. recovery

Magnetic Resonance in Medicine
Article first published online: 29 AUG 2011
DOI: 10.1002/mrm.23154

efficiency: = 95%

gas purity: = ppm



Problems caused by the shortage

Price (Euro per bar*liter)

of 3He
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Gas delivery
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Research & Training Network (RTN)
Marie Curie Actions
FP 6 (2007-2011)

Copenhagen
University
Hospital
Jagiellonian

University of University,
P I I I I N Sherreid D
e e Université Paris XI
e . a - Ecole Normale

Polarized Helium Lung Imaging Network S —
Measurement

Science,

Universidad Bratislava

Complutense,
Madrid

Inst. fiir Physik
& Klinik,

- | Universitidt Mainz

Université Lyon 1 DKFZ Heidelberg

Respirology (2008) 13, 599602

Feasibility of functional magnetic resonance lung imaging in
Australia with long distance transport of hyperpolarized helium
from Germany

Francis THIEN,! Magrties FRIESE,? Gary COWIN,? DoNaLp MAILLET,? DEMING WANG,?
GRraHAM GALLOWAY? 1N BRERETON,? PHILIP |. ROBINSON,® WERNER HEIL! AND Bruce THOMPSON!
~\
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~

h )’ ~ 100 shipments/year @ 500 bar-liters
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The compact polarizen -
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length ~ 3 m
dimensions  height~ 1.8 m

width = 0.9 m



Polarized 3He* Ions I o
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VOLUME 2(), NUMBER 14 PHYSICAL REVIEW LETTERS 1 APrIL 1908

POLARIZED He®-ION BEAM*

S. D. Baker,T E. B. Carter,I D. O, Findley,§ L. L. Hatfield,
G. C. Phillips, N. D. Stockwell,! and G. K. Walters

Physics Department, Rice University, Houston, Texas
(Received 26 February 1968)
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“The gas polarization in the optical pumping cell was measured by means of an optical technique to be
0.05+0.01, which, within experimental error, is the measured value of the ion polarization. This substantiates
...expectation that ionization exchange collisions do, in fact, bring the ion polarization into equilibrium with
the ground-state atom polarization before extraction.”



Polarized 3He* Ions II i
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Nuclear Instruments and Methods in Physics Research B 193 (2002) 66-70 WUNIVERITAT

Charge states distribution of 0.16-3.3 MeV
He ions transmitted through silicon

M. Bianconi *, G.G. Bentini, R. Lotti, R. Nipoti
CNR-Istituto LAMEL, via Gobetti 101, I-40139 Bologna, Italy
The equilibrium charge state distribution of He ions transmitted through silicon in a random direction was measured
in the energy range 0.16-3.3 MeV. The surface contamination, investigated by back-scattering spectrometry, amounted
to a few monolayers. The measured data, integrated with the available literature points, cover a wide range of con-
ditions. At the lower end (velocity ~ 1 a.u.) there is a consistent fraction of neutral He and the process is strongly
influenced by solid state effects; at the higher end (velocity ~ 6 a.u.) most of the ions are stripped and the process can be
described by individual HeSi collisions. The use of a semi-classical approach, based on the early theory of Bohr, allows
for a satisfactory description of the He™/He’™ ratio in the whole energy range. @ 2002 Elsevier Science B.V. All rights
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Fig. 2. He' fraction (f7) of the transmitted beam: (H) this
work, ((J) BFW75 [8], (+) PD74 [9]. (O) KKF79 [11]. Solid and E (MeV)
dotted lines are different calculations of the f; charge fraction

based of the theory of Bohr [1] (see text). Fig. 3. The same as Fig. 2 for the He=" fraction (f>).
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> Concept of central production of the
hyperpolarized 3He:

SHe production facility, storage and
transport, gas administration, 3He recovery

> Applications of hyperpolarized 3He in
different fields of physics and applied

science
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